Abstract: This essay argues that Charles Darwin's distinctive approach to studying distribution and diversity was shaped by his face-to-face interactions with maritime surveyors during the voyage of H.M.S. Beagle (1831-1836). Introducing their hydrographic surveying methods into natural history enabled him to compare fossil and living marine organisms, to compare sedimentary rocks to present-day marine sediments, and to compare landscapes to submarine topology, thereby realizing Charles Lyell's fanciful ambition for a superior form of geology that might be practiced by an "amphibious being." Darwin's theories of continental uplift, coral reef formation, and the origin of species all depended on his amphibious natural history. This essay contributes to our understanding of theorizing in nineteenth-century natural history by illustrating that specific techniques of observing and collecting could themselves help to generate a particular theoretical orientation and, indeed, that such practical experiences were a more proximate source of Darwin's "Humboldtian" interest in distribution and diversity than Alexander von Humboldt's writings themselves. Darwin's debt to the hydrographers became obscured in two ways: through the "funneling" of credit produced by single-authorship publication in natural history and the "telescoping" of memory by which Darwin's new theories made him recall his former researches as though he had originally undertaken them for the very purpose of producing the later theory.
An amphibious being, who should possess our faculties, would . . . more easily arrive at sound theoretical opinions in geology. . . . [He] might mark, on the one hand, the growth of the forest, and on the other that of the coral reef.
-Charles Lyell, Principles of Geology, Volume 1 (1830) C harles Darwin's intimate familiarity with the seafloor distinguished him from other naturalists of his day. He gained this knowledge through exposure to the activities of the maritime surveyors-hydrographers-with whom he circumnavigated the globe on H.M.S. Beagle from 1831 to 1836. The hydrographers furnished him with techniques for visualizing underwater topology and for taking samples from the bottom of the sea, and this in turn allowed his forays onto dry land to become opportunities for undertaking just the types of comparisons between terrestrial and submarine processes that the geologist Charles Lyell imagined being accomplished by an amphibious being. And indeed this method of comparison, when combined with the precise geographical knowledge yielded by the surveyors' work, became for Darwin a fruitful source of what Lyell called "sound theoretical opinions." In time this amphibious approach to natural history helped to generate Darwin's theory of compensatory geological uplift and subsidence, his theory of coral reef formation, and his theories of descent-with-modification. 1 It was significant not simply that hydrographers gave Darwin a chance to study the zoology, botany, mineralogy, and geology of the seafloor, but that their specific technique of sounding the depths predisposed him to study submarine animals, plants, rocks, and terrain together and to pay attention to their interrelations. The implement the hydrographers used, the sounding lead, captured samples in a fashion that went against the grain of ordinary natural history practice. Using the sounding lead meant gathering whatever was to be found in a particular location on the seafloor, rather than setting out to collect organisms belonging to a particular group. Decades before inventorying a patch of ground became the standard practice of a new science called ecology, Darwin was doing this on the spots of seafloor that had been touched by the sounding lead. Because this sampling of the seafloor was done in the course of a geographical survey, moreover, those specimens were enhanced from the beginning by data about the spatial location they inhabited and their depth below sea level. Those features of the underwater realm that Darwin was able to study through hydrography became his preoccupations on land as well: the interrelations between animals, vegetables, and minerals and their geographical distribution across space and altitude. And because most of the dry land he studied showed evidence of having formerly been under water, the ability to envision landscapes in their past submarine state turned into Darwin's most reliable method of thinking about change over time.
The matrix of practices and concepts I have just described as being a product of Darwin's exposure to the hydrographers' work resembles something Susan Faye Cannon named "Humboldtian science." Alexander von Humboldt was indeed a hero of Darwin's, and the geographical sensibility that underlay so much of Darwin's work is often seen as a consequence of his 1 Darwin became a transmutationist before he developed the specific idea of natural selection in 1838. He initially viewed geographical change as the causal mechanism for the origin of new species. His understanding of the nature and history of this "geologico-geographical" change was derived from the amphibious program of natural history analyzed here. On Darwin's first evolutionary theory see Janet Browne the Admiralty to evaluate previous theories of reef formation during the voyage. Thus, as a consequence of Darwin's new coral theory he and the surveyors came to share not only a set of techniques and interests but even a specific rationale for their labors.
It is no mere coincidence that the coral reef theory Darwin developed through his hydrographic knowledge produced new hydrographic questions. Darwin's methods for underwater observing and collecting had helped to produce a theory that could only be tested by deeper observing and collecting of the same type. When the Beagle reached the coral island of South Keeling in the Indian Ocean (Sect. IV), Darwin's geological knowledge and zoological skill illuminated the surveyors' work, while their access to the watery deep provided a firmer foundation for his speculations. Soon afterward, however, when encountering the coral reefs of Mauritius, Darwin's desire to work was stymied by the fact that FitzRoy had no reason to do any surveying at this well-charted port of call (Sect. V). In order to resolve the questions that his theory could not yet answer, Darwin was forced to borrow the hydrographic equipment, take to a boat, and conduct a survey of his own. His wielding of the sounding lead at Mauritius confirms that hydrography had become indispensable to his work as a naturalist, serving as a basis for observing and theorizing.
If hydrography was so important to Darwin, why are surveying practices scarcely mentioned either in the general record of how Darwin spent his time during the voyage or in his own stories about the origin of particular ideas such as the coral reef theory? I will conclude this essay by arguing that there were two chief reasons why Darwin's specific, and considerable, debts to the surveyors' work have been overlooked. The first is the funneling of credit that occurred when collective activity yielded single-authored publications, whether they were hydrographic charts or scientific treatises. The second is what might be called the telescoping of memory that a theory produced-or that produced a theory. Thus my account contains arguments about both the social and the cognitive elements of theorizing by nineteenth-century naturalists.
This essay is part of my larger program of research analyzing the status of theory within natural history. 4 Our understanding of theorizing as an activity has been enhanced in recent years by innovative work in the history of physics by Andrew Warwick and others.
5 By examining the history of "theoretical physics" using a set of science-studies approaches that had been used to illuminate laboratory life and the history of experiment, these scholars demonstrated the degree to which even apparently abstract sciences depended on material culture, training, and technique. Taking a similar approach to the history of theorizing in natural history, however, raises distinct challenges, because natural history involved no explicit vocational division between experimentalists and theorists of the sort that emerged in the physical sci ences. 6 For Warwick and his colleagues, studying theorizing meant studying whatever it was that "theoretical physicists" actually spent their time doing. In contrast, as Sandra Herbert observed 4 I also pursue this question in Sponsel, Darwin's First Theory (cit. n. 1); and Alistair Sponsel, "From Specialization to Generalizations: Natural History Fieldwork and the Problem of Theorizing on the U.S. Exploring Expedition," in Soundings and Crossings, ed. Katharine Anderson and Helen M. Rozwadowski (Sagamore Beach, Mass.: Science History, in press). 5 My thinking has been shaped by face-to-face interaction with the authors of the following works: Peter Galison and Andrew 6 To the extent that "theoretical" was synonymous with "mathematical," the Cambridge mathematician William Hopkins came the closest at this time to participating in British natural history exclusively as a theorist. Lyell and Darwin were both indebted to Hopkins's modeling of the mechanical effects of a subterraneous fluid on the overlying crust of the earth. See Herbert, Charles Darwin, Geologist (cit. n. 1), pp. 210-215. some years ago, naturalists may have "had" theories but none defined themselves exclusively as "theorists." 7 In this essay I aim to offer an account of the everyday activities that led to "having" a theory, while acknowledging that to describe a nineteenth-century naturalist as a "theorist" would be both reductionistic and anachronistic. Rather, what I wish to show is the way in which theorizing was wrapped up in the other practices of natural history, such as collecting, observing, and comparing. This may seem merely to recapitulate the concept of "theory-laden observation," but what I describe in this case would more aptly be called "observation-laden theory." By this I do not simply mean "inductive reasoning," or generalizing from particulars. What I mean is that certain ways of observing and collecting-certain specific natural history techniquespredisposed their practitioners to "have" theories that were oriented toward certain types of explanations. In Darwin's case, the modes of observing and collecting he acquired from his hydrographic companions predisposed him to see-as he so famously did-the explanatory power that lay in attention to diversity and distribution.
I . T H E S O U N D I N G L E A D A S A N E W T O O L F O R C O N D U C T I N G N AT U R A L H I S T O R Y: T H E AT L A N T I C
The formal purpose of the 1831-1836 voyage of the Beagle was to produce improved charts of the southeast and southwest coasts of South America, where revolutions against Spanish control in the 1810s and 1820s had opened new markets to British trade. 8 The Beagle's young commander, Robert FitzRoy, also carried a set of secondary instructions that would require him to continue from South America into the Pacific and Indian oceans in order to complete a circumnavigation. For example, he was ordered to investigate the treacherous type of coral reefs that we now call atolls, which had been terrifying European navigators for more than a century. FitzRoy was told to exert "every means . . . that ingenuity can devise" to determine the origin of the "circularly formed Coral Islands in the Pacific." Recent voyagers had declared these ring-shaped reefs to be created by shallow-water corals that could live no deeper than 30 feet below sea level. Somehow, though, such reefs existed in parts of the ocean that were so deep as to be literally unfathomable with the lengths of rope usually carried by explorers. This apparent paradox had a solution that was endorsed by everyone from the geologist Charles Lyell to the navy's chief hydrographer, Francis Beaufort: these so-called lagoon islands, or atolls, must be formed atop volcano craters lying at depths of less than 30 feet. Beaufort's instructions to FitzRoy called this a "modern and very plausible theory." Yet by the end of the voyage, Darwin had rejected it as "a monstrous hypothesis." 9 In its stead he developed a new theory that gained him much of his early scientific acclaim (a theory, by the way, that is widely accepted today).
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At the time of the Beagle's departure from England in December 1831, Darwin's greatest scientific expertise lay in the field of marine zoology. He had been inducted into this study several years earlier by Robert Grant at the University of Edinburgh. They shared a particular interest in the zoophytes: small marine organisms straddling the apparent border between the animal and plant kingdoms, including solitary and colonial corals as well as some calcareous algae. Grant and others in Edinburgh at this time were developing a new style of marine zoology in which naturalists adapted the tools and skills of fishermen in order to gather specimens farther from shore and in deeper water.
11 Although this set of collecting practices became more strongly associated in the following decade with the work of Edward Forbes, Darwin too had acquired specimens by accompanying oyster dredgers and fishing trawlers from the harbor at Newhaven. Shortly after the Beagle put to sea Darwin improvised a means of resuming these activities. "I proved to day," he wrote in his diary on 10 January 1832, "the utility of a contrivance which will afford me many hours of amusement & work. -it is a bag four feet deep, made of bunting, & attached to a semicircular bow [that] is by lines kept upright, & dragged behind the vessel." The contraption yielded an abundant harvest of organisms "exquisite in their forms & rich colours," leaving Darwin to "wonder that so much beauty should be apparently created for so little purpose." This is one of the first known descriptions of a plankton net in use, and it reveals that Darwin boarded the Beagle already primed to develop novel methods for collecting marine specimens.
12 Life aboard a working survey vessel would prove to offer another prospect for collecting, however, and Darwin began to exploit this opportunity just a few weeks later.
Given his maritime experiences in Edinburgh, it should be no surprise that Darwin was fascinated to see the officers begin carrying out their survey in Brazilian waters between Bahia (present-day Salvador) and Rio de Janeiro. In March 1832 Darwin recorded in his diary that "the labours of the expedition have commenced. -We have laid down the soundings on parts of the Abrolhos, which were left undone by Baron Roussin." Determining the extent of these offshore shoals was one of Beaufort's official instructions to FitzRoy, and now the systematic accumulation of data caught Darwin's attention. 13 Ever curious, he began to analyze the surveyors' results, albeit not within the records of his scientific work. Rather, it was on the back of a sheet of zoology notes that he began compiling a "table of thermometrical changes during crossing and recrossing the bank."
14 He recorded the time of day when each sounding was taken, the water temperature to the quarter of a degree Fahrenheit, and the depth measured in fathoms (1 fathom = 6 feet). He had already learned to follow the hydrographic convention for indicating that no bottom had been found at a given depth by writing the length of the sounding line in fathoms and placing a dot beneath this number. It was on the third day of paying attention to the surveyors' work that Darwin discovered something that made him begin to record hydrographic findings on the front side of the page, among his formal zoological notes.
When a sounding was taken, the concave bottom of the sinker, or lead (pronounced like the metal from which the tool was cast), was "armed" with soft tallow that would take an impression and capture a sample of any loose material on the seafloor (see Figure 2) . 15 A sounding lead (pronounced like the metal from which it is made) and line. This hydrographic tool became crucial to Darwin's work as a naturalist. A "hand lead" such as this one would have been roughly 8-12 inches tall and 6-12 pounds in weight. The base of the lead features a depression known as a "well," which would be "armed" with soft tallow or wax. By this method a sample from the seafloor (or an impression of the bottom if it were clean) could be recovered. During the Beagle voyage Darwin made innovative use of his shipmates' soundings as a method for acquiring geological, zoological, and botanical specimens from the seafloor. The epistemic value of these specimens was enhanced by the fact that geographical data (about the depth and location at which they had been found) was appended to them as an intrinsic feature of the surveyors' work. --on which were growing numerous minute tufts of a Conferva." Under his microscope, the harvest of this one sounding proved to be rich indeed. The filamentous alga he called conferva had "stems simple cylindrical white transparent jointed; end truncate; length 1/10 of inch, diameter 2/3000." Looking even more closely, he saw that "on this minute plant & on a small coralline were crowded together a forest of numerous species of Bacillareès & Anthrodieès." 16 This experience showed him that one cast of the lead might produce multiple specimens and reveal their interrelations, as in this case diatoms were attached to a plant that was itself growing on another plant. At this moment, ninety days into the voyage, the sounding lead joined the dredge and the microscope among the tools with which Darwin's scientific knowledge was built.
There were two distinctive things about the sounding lead as a collecting device. The first was that it sampled rocks, animals, and plants together, while preserving their relationships to one another, which helped to establish the links between Darwin's geology, zoology, and botany that were later set in stone by his more famous land-based study of fossils. Second, the sounding lead drew samples from an identifiable fixed point. Not only that, but when the lead was wielded by hydrographers the geographical location of that fixed point was itself a matter of careful attention. This was much different from collecting marine specimens with an oyster dredge, as Darwin and other Edinburgh naturalists had recently begun to do. Dredges jumbled and disturbed material as they were dragged across the seafloor, rendering unknowable each specimen's exact point of origin and destroying clues as to the mutual relations between specimens. Specimens from the lead, by contrast, could be attributed to a specific place, geographically and vertically, and to a set of conditions in which plants, animals, and rocks existed in exquisite interrelation.
In other words, collecting by sounding lead meant sampling indiscriminately in a precise location. Such an approach became standard practice for ecologists later in the century, but it stood in stark contrast to other tool-aided methods for collecting in early nineteenth-century natural history, in which a zoologist armed with a butterfly net, or a geologist with a hammer, might wander widely while sampling only insects or minerals, respectively. Here aboard the Beagle a new collecting tool was helping Darwin to link geology, botany, and zoology. Thanks to the surveyors' expertise, he was considering these links geographically as well. It is true that Darwin's hero, Humboldt, had championed recording just such details of location and vertical distance from sea level in his study of above-water vegetation. But Humboldt had himself previously been a surveyor of sorts. Before going to South America he studied the distribution of vegetation in mines near the Upper Rhine when he was the mining administrator of Freiberg. 17 For reasons that will become clear in the conclusion to this essay, I am keen to examine the roots of Humboldt's phytogeography in his Freiberg surveying work. I speculate that Humboldt's training and practical work as a mining engineer played a role in generating his "geographical sensibility" similar to the role that I argue hydrography played for Darwin, particularly since Freiberg's subterranean mines similarly introduced the factor of depth (i.e., negative elevation) to the study of distribution.
And it was the Beagle's surveyors who empowered Darwin to collect data like Humboldt, rather than Humboldt's books somehow dictating that Darwin would collect like a surveyor.
I I . S T U D Y I N G D R Y L A N D W I T H A M A R I T I M E P E R S P E C T I V E : S O U T H A M E R I C A
The Beagle voyage was almost four years old by the time FitzRoy concluded his labors on the coast of South America and set a course for the Galapagos Islands in September 1835. Darwin had spent a great deal of time studying soundings and even more time rambling inland on a series of geological excursions across the Pampas and into the Andes. Along the way he came up with an idea that proved to be a crucial stimulus for his eventual theory of reef formationand thus for his rapid ascent in the geological community after the voyage and for his eventual conversion to transmutation. This idea, which he had definitely established by the time he left South America, was that the floor of the Pacific Ocean must be sinking. It grew from his efforts to answer the principal geological question to which he had devoted himself in South America, that of when and how that continent had emerged from the ocean. The question was provoked by his recurring experience of discovering marine fossils well above sea level during a series of inland excursions on the east coast. Many historians have followed Darwin's lead in emphasizing the significant role these fossils played in shaping his interpretations of the continent's geological history.
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In this section I argue that Darwin's interpretations of these fossils-and, more importantly, of the history of the geological formations in which they were found-were a direct outcome of his attention to the ongoing hydrographic work being carried out on the Beagle. Because Darwin's familiarity with hydrography has previously been overlooked (by historians) or unstated (by Darwin in his later writings), his perception of various South American landscapes as former seafloors has been seen largely as an exercise in conjecture. In fact, these perceptions were based on his intimate knowledge of the actual seafloor. Because he could compare the physical features of the landscape with the surveyors' descriptions of submarine topology, and compare the sedimentary rocks and fossils he found on dry land with the present-day sediments and organisms collected by the sounding lead, Darwin was able to interpret South America's geological past in the manner of a truly amphibious being.
Darwin knew something about practicing terrestrial geology already. He had taken an interest in the subject after leaving the University of Edinburgh for Cambridge, and indeed he spent part of the summer before the Beagle's departure accompanying the Cambridge professor of geology Adam Sedgwick on a field trip. 19 As the Beagle's company surveyed southward along the east coast of South America in 1832-1833, Darwin began to learn the geology of the continent during frequent excursions on shore. Northern Patagonia consisted of great terraces of land that appeared level to the naked eye and stretched for hundreds of miles between the Atlantic and the Andes. Though these terraces now stood tens or hundreds of feet above sea level, most of them were characterized by distinctive marine remains. Clearly, those organisms had lived in the sea before becoming embedded in layers of sediment, but in what fashion had the resulting sedimentary rocks come to occupy high, dry land? And how could such large tracts of the earth have been raised up without being deformed by the violence of the elevation? 20 Darwin considered, and rapidly dismissed, the possibility that the world ocean had receded on a massive scale.
Darwin wondered, could have transported a layer of pebbles so evenly across an area that he himself had traced "for more than 700 miles"? In an essay, "Reflection on Reading My Geological Notes," written around March 1834, he considered the possibility that after a "vigorous elevation" of the seafloor these pebbles had been carried "by the retreating waters" from the "West foot of the Cordilleras [Andes]" to "a deeper sea." Whatever the exact cause, Darwin felt sure that they had been distributed in a "short period." Why did he conclude that they had moved rapidly? Because they were not "encrusted by stony small corallines.--(Which I always have noticed to be the case in these seas)." 21 This statement is clear evidence that Darwin was reasoning by comparing knowledge gained from the sounding lead to that learned through his terrestrial geology.
The specific point of comparison in this case was with pebbles that emerged on the armed sounding lead. Darwin had become very familiar with the pebbles of the seafloor and with the fact that interesting organisms were often attached to them (see Figure 3) . In this way, the survey not only provided Darwin with submarine geological and zoological specimens that might be of isolated interest, but also provided a more synthetic view of the seafloor's physical conditions, its flora, and its fauna.
Thus Darwin was able to write of the Patagonian porphyry pebbles, "Whatever their origin, they mark a great change in the inhabitants of the ocean [for] during a succession of elevations [subsequent to the elevation of the gravel bed, and each producing another, lower plain] such shells as now exist--flourished on the successive lines of beach & were scattered over the bottom." In other words, a series of elevations had converted new parts of the seafloor into dry land in such a recent geological period that the same organisms alive then could be found at present in the waters beneath the Beagle. Indeed, Darwin wrote to his Cambridge mentor John Stevens Henslow, "the most curious fact is that the whole of the East coast of [the] South part of S. America has been elevated from the ocean, since a period during which Muscles [i.e., mussel shells] have not lost their blue color." 22 The remains of sea creatures, some identical to those yet living, became his index of successive elevations.
Darwin's technique of comparing terrestrial and submarine topology became a way of thinking about change over time, a macroscopic analogue to comparing fossil and living vertebrates. South American landscapes were fossil seafloors. No wonder that the familiarity with the undersea world Darwin had gained from the Beagle's sounding operations gave him an advantage over land-bound geologists. He was becoming Lyell's amphibious being, and he was able to do so because he had lived and worked aboard a surveying vessel. Uniting geological training with maritime experience was all but unprecedented. As he crowed to his sister Caroline during the voyage, "It is a rare piece of good fortune for me, that of the many errant (in ships) Naturalists, there have been few or rather no geologists. I shall enter the field unopposed." The first half of 1834 was also a crucial time in shaping Darwin's eventual view that the elevation of South America must have been offset by subsidence elsewhere. In "Reflection on Reading My Geological Notes" he posited three possible types of elevatory force: "It becomes a problem. how much the Andes owes its height. to Volcanic matter pouring out?.--how much to horizontal strata tilted up.? how much to these horizontal elevations of the surface of continents?" Darwin's approach to answering this question was to depend on the hydrographers' work. "The only method" of solving this puzzle, he wrote, "is to compare the increased height of the plains in the interior between any two points, with the probable slope of the oceans bottom in the same distance." 24 Determining the slope of the ocean's bottom was, of course, an everyday task for his companions on the ship. While it was knowledge that only hydrographers could actually produce, Darwin by now took his firsthand access to such knowledge for granted.
Gradually, by 1835, he became convinced of the importance of what, in the quotation above, he called "horizontal elevation," which he also described as elevation "concentric" with the earth. Both terms were slightly misleading; they referred to bulging of the earth's crust on the order of thousands of square miles. 25 Unlike more localized injections of molten rock beneath the crust, or tilting of strata, gradual "horizontal" elevation would result in an apparently level uplifting of beds such as he saw in Patagonia. By early 1835 he conceived of the entire continent as having been uplifted in this manner. The Andes themselves, he believed, had been carried upward by this movement. They must have predated the continent and existed formerly as a chain of islands; as they were raised into mountains the surrounding land would have emerged from the sea. When, in February 1835, FitzRoy documented that an earthquake had elevated the coast of Chile by several feet in relation to sea level, Darwin gained confidence that this process was continuing by degrees.
Elevation of this sort must have been offset by subsidence of another part of the earth's crust, Darwin believed. 26 Where might this compensatory sinking of the crust be taking place? Darwin's first guess was that it was concealed from the geologist's gaze beneath the vast Pacific Ocean. As he had ranged into the Andes from the west coast in August 1834, Darwin had seen "immense flat valleys" that reminded him of the pebble beds of Patagonia. It seemed obvious that these level-bottomed valleys had once been on the seafloor when the mountains that towered above them had been islands. Thus, he concluded, the basin of the Aconcagua River had once "most clearly [been] marine with Islands." 27 In what I believe to be Darwin's first inkling that the bed of the Pacific must have been subsiding, he wrote on 18 August 1834 in his tiny field notebook, "With respect to [the] great valleys," which he saw as uplifted seabeds, "perhaps in Pacific if seen, wonder would be reversed." The words "if seen" could be taken as irony, because there was no direct way to look at the present-day Pacific floor and observe whether it had sunk to compensate for the elevation of these level valleys. There is a chance, though, that Darwin had a notion that he might one day "see" the bed of the Pacific via the same hydrographic practices that had already proved so 24 Herbert, "From Charles Darwin's Portfolio" (cit. n. 21), p. 32 (Darwin's fol. 8); and Cambridge University Library (hereafter CUL), DAR34.1:45. 25 In May 1834 he wrote, "NB When I say concentric. I mean not truly so. -but an enlargement of the curve of the world": CUL DAR34.2:110v. 26 The alternative would be that the whole globe expanded when horizontal elevation occurred, which he found untenable in itself and which would have diverged wildly from the conventional wisdom of continental geologists who interpreted the mountains and valleys of the earth's crust as wrinkles caused by the ongoing shrinking of a cooling globe. See Mott T. Greene useful off the Atlantic coast. What is beyond doubt is that by 29 May 1835 Darwin had decided to look for evidence that the bottom of the Pacific had subsided. On that day he wrote a letter to a geological acquaintance in Valparaiso named Robert Alison. Darwin's letter is not extant, but Alison's response referred to the Beagle's impending departure from South America by saying, "I wish much to hear of your report respecting the islands in the Pacific, and it will be curious if you find a sinking of the land there, & a rising here." Most likely Darwin was not optimistic that he could prove the action of a process whose effects would be hidden beneath the waves. The seafloor might be subsiding, but did he possess the necessary powers of submarine vision? One week after his letter to Alison he wrote to his sister Catherine: "I have lately been reading about the South Sea --I begin to suspect, there will not be much to see." 28 Meanwhile, Darwin's ongoing stints aboard the Beagle amplified his ambitions in marine zoology. In late 1832 he had begged Henslow to "recollect how great a proportion of time is spent at sea" as he regaled him with descriptions of the "new & curious genera" of pelagic animals caught in the trawl and the "interesting" zoophytes hauled up by the lead. "As for one Flustra," he raved, "if I had not the specimen to back me up, nobody would believe in its most anomalous structure." By the time he had immersed himself in the study of South America's geological origin in the summer of 1834, he was reporting to his family that "amongst Animals, on principle I have lately determined to work chiefly amongst the Zoophites or Coralls: it is an enormous branch of the organized world; very little known or arranged & abounding with most curious, yet simple, forms of structures." To Henslow, a few days later, he claimed to have superseded Lamarck's understanding of coral polyp physiology and asserted that "the present families of Corallines, as arranged by Lamarck, Cuvier &c are highly artificial. --It appears they are in the same state which shells were when Linnaeus left them for Cuvier to rearrange." 29 Taking stock of Darwin's progress in his "chief object[s] of pursuit," geology and marine invertebrates, we find that the two activities were highly complementary. What needs emphasis is that they were tightly meshed with the labor and specific objectives of the surveyors. For example, Darwin wanted to know the elevation of every formation he saw; Beaufort had instructed that "it should be considered an essential branch of a nautical survey, to give the perpendicular height of all remarkable hills and headlands." Darwin was eager to compare the inclination of the continent above and below sea level; FitzRoy had been commanded not merely to map undersea terrain, but "to note with accuracy the slope, or regularity, of the depths," along with "the quality of their various materials, and the disposition of the coarse or fine parts, as well as of what species of rock in the neighbourhood they seem to be the detritus."
30 And collecting via hydrography had led Darwin to ask questions of terrestrial geology that could be answered only by further knowledge of the seafloor.
I I I . T H E M A K I N G O F A E U R E K A M O M E N T: TA H I T I
There is no evidence that prior to the Beagle's arrival at Tahiti on 15 November 1835 Darwin had conceived any new answer to the questions of how and why ring-shaped coral reefs were formed-or even that he had actively contemplated these questions. 31 By the time the ship departed eleven days later, he had written a coy note in his diary that reveals that he had gained, in addition to his ambitions in coral zoology, a sudden confidence that he could overturn the prevailing theory of reef formation. Then, during the long passage from Tahiti to New Zealand, he drafted an essay in which he described a eureka moment at Tahiti and sketched the outlines of an elegant and breathtakingly original theory that claimed to explain the origin of virtually all the reefs in the Pacific.
I now recreate the circumstances that led to Darwin's moment of insight and argue that the insight itself depended on his ability to envision the underwater terrain and its inhabitants with the eyes of a hydrographer (see Sect. I) and his desire to determine whether the islands of the Pacific appeared to be sinking (see Sect. II). I identify two further factors specific to Tahiti that, when combined with the knowledge and expectations Darwin brought to the island, made his eureka moment possible. The first of these, which was recorded explicitly in Darwin's notes, was the vantage offered on the land-and seascape of the Society Islands by climbing high up Tahiti's mountainous slopes. The second local factor, which Darwin described in his diary but which neither he nor any other scholar has previously linked explicitly to his coral theory, was the striking succession of different types of plants he witnessed while ascending the mountainside at Tahiti. This was a particularly impressive manifestation of the phenomenon of plant "zonation" according to altitude, which Humboldt had depicted, in iconic diagrams, as distinct rings of vegetation encircling mountains at different elevations (see Figure 4) . I argue that Darwin's new account of how rings of shallow-water corals could grow in the deep ocean was nothing less than the submarine equivalent of Humboldt's celebrated vision of the distribution of land plants (see Figure 5) . Darwin was not yet the rabid (and indebted) Lyellian he would become after the voyage; his view of the world still owed much more to Humboldt.
32 But his hydrographic perspective had led him unconsciously to the very analogy Lyell imagined might be drawn by a truly amphibious geologist, that between the forest and the coral reef.
Upon arriving at the breathtaking peaks of Tahiti after spending nearly a month as a speck on the seemingly limitless ocean, Darwin sought perspective on his surroundings. Rather than climbing a mast, as he had done earlier in the Pacific passage when straining for a glimpse of coral islands, he hired guides to lead him up the nearest canyon. Ascending to a height of several thousand feet, he realized that he had climbed through a series of discrete zones of vegetation. Moving vertically uphill from sea level gave him the uncanny feeling that he was moving horizontally across great portions of the globe, as though he were moving northward from the equator back toward his home. Halfway up, after coarse grass had succeeded the dwarf ferns below, Tahiti began to look strangely familiar. "The appearance was not very dissimilar from that of some of the hills in North Wales; and this so close above the orchard of Tropical plants on the coast was very surprising." He pressed onward, until "trees again appeared . . . tree ferns having replaced the Cocoa Nut." This was a remarkable experience, but one that he might have expected on such a steep climb, for the first pages of Darwin's favorite book asserted that "each group of plants is placed at the height that nature has assigned." "These regions," Humboldt argued in the Personal Narrative, "form the natural divisions of the vegetable empire; and in the same manner as the perpetual snows are found in every climate at a determinate height, [plants] have also their fixed limits." 33 Humboldt's plant geography, like his study of snowlines, famously illustrated that climbing in elevation was equivalent to climbing in latitude.
Darwin had doubtless seen Humboldt's iconic depictions of the succession of flora on the flanks of Chimborazo, which was then believed to be the highest mountain in the world, and he knew of Humboldt's claims to have determined "according to barometrical measurement, in more than 4000 plants of the equinoctial region, the height of each station above the level of the sea." 34 However, he had never seen such a vibrant manifestation of this phenomenon until he arrived at Tahiti, where a succession of distinct floras ringed the mountain in a series of living contour lines. 35 At this moment, as Darwin stood "two or three thousand feet" above Matavai Bay, it suddenly mattered that he had arrived at the Pacific already believing that the seafloor might be sinking. Here, I believe, is where ideas he had formed in South America gained new and unanticipated meaning. Darwin turned west toward the island of Eimeo (present-day Moorea). Lying fifteen miles distant, it was a smaller version of the jagged mountain he had just climbed. Like Tahiti, Eimeo rose up from within an offshore barrier reef. He likened the island to an engraving, which instead of being bordered by a mat within a frame was surrounded by a lagoon within a reef. In each diagram the depiction of the barrier reef stage was based on an actual survey of the barrier reef that encircles the island of Bolabola (Bora Bora), and the other stages were conjectural. Note the similarity between these images and the illustration by Humboldt (see Figure 4) . In both cases, vegetative growth is shown as occurring within specific elevation (or depth) zones on the side of a mountain. (Images courtesy of the History of Science Collections, University of Oklahoma Libraries; copyright the Board of Regents of the University of Oklahoma.)
The notes he wrote about this moment do not say why he began to ponder the subsidence of the ocean floor-or even that he did so. They mention only the consequence of doing so, of imagining that Eimeo was in the process of sinking out of sight: "Viewing the Ei Meo from the heights of Tahiti I was forcibly struck with this opinion. . . . Remove the central group of mountains, & there remains a Lagoon I [sland] ."
36 If Eimeo were drawn downward below the sea while the reef around it continued to grow, Darwin realized, all that remained would be a circular reef enclosing an empty lagoon. While staring at a barrier reef, he had perhaps just solved the puzzle of how atolls are formed: not atop submarine volcano craters but as a result of corals growing upward at the circumference of a sinking island.
In order for the reef to remain visible while Eimeo sank out of sight, corals would have to continue to grow in the zone of water just below sea level. It seems no coincidence that Darwin had this idea immediately after pondering the vertical distribution of plants while climbing to this vantage point. I contend that Darwin recognized these rings of coral as equivalent to the bands of flora that were encircling Tahiti above the sea. After all, didn't corals grow like a turf of vegetation wherever a suitable foundation lay at the appropriate depth? Just as plants would migrate up the mountainside if Eimeo sank, coral "vegetation" would grow upward and remain in the zone just below the surface. Like the snowline that marked a boundary in Humboldt's diagrams of mountain vegetation, the waterline constituted a fixed limit for the upward growth of corals. Darwin had realized that the same principle constraining the geography of plants on the Andes was applicable to the vegetative growth of zoophytes on the flanks of submarine mountains.
Darwin had been waiting for four years to get a look at the zoophytes responsible for building coral reefs. He continued for several days to explore Tahiti's higher altitudes, so it was not until 22 November that he finally fulfilled his wish. He did so in an outrigger canoe paddled by hired men. Farthest from shore he found a "mound of Coral rock, strikingly resembling an artificial (but low) breakwater," fronting the open ocean. Inside the line of whitecaps marking the reef's highest point was a broad tract of uneven coral. This inner reef reached anywhere from 100 yards to a mile shoreward from the breakers. It was covered by the calm lagoon waters, which deepened as the reef disappeared toward the island, leaving inner harbors "where a ship can anchor in a fine Sandy bottom." 37 While examining the lagoon at Tahiti, Darwin was especially eager to discern whether different types of organisms created different parts of the reef. The main constituents of the inner reef were "stony & branching generas" and "Fungia & Caryophillia." The calm water of the lagoon seemed a haven for "admiring the pretty branching Corals." He collected a specimen of Fungia and kept it alive long enough to study the "considerable powers of contracting & motion" of the polyps under his microscope. 38 He hoped to compare these specimens with corals living on the other side of the reef, in the water of the open ocean, but the men were unable to take him there "owing to the surf . . . breaking violently on the outer margin, continuously pump[ing] over in sheets the water of its waves." Instead he relied on the testimony of the Tahitians themselves. "Showing [lagoon corals] to some intelligent natives, I was assured that such kinds never grow on the outside of the reef or compose solid reefs. & some Meandrina & Astrea. Anyhow, they considered that there is a wide distinction in the two cases." All his former experience studying the contents of his dredge and the armings of the sounding lead encouraged him to believe his Tahitian informants. "Analogy from the habits of all other marine animals would lead one to suppose that the same species would not flourish in two such different localities, as the foam of furious breakers & shallow placid [lagoons] ." 39 He was convinced that the massive reef builders could only inhabit the outer margin, meaning that they would grow upward, but not inward over the reef flat, if an island they fringed were to sink. This explained why atolls continued to have lagoons rather than becoming covered over by a solid cap of coral rock.
Tahiti was a revelation. The combination of Darwin's high-altitude eureka moment and his study of the reef from sea level led him to make one of the boldest entries to be found in his entire Beagle diary. Upon determining that the up-close details of the reef offered nothing to contradict his speculations from the mountainside, he wrote, "It is my opinion, that besides the avowed ignorance concerning the tiny architects of each individual species, little is yet known, in spite of the much which has been written, of the structure & origin of the Coral Islands & reefs." 40 All his ambitions are revealed in this brief note. Earlier in the voyage he had decided to study corals-the "tiny architects," he called them here-precisely because he relished the opportunity to gain expertise in an area of "avowed ignorance." Now, unexpectedly, he could also challenge the "much which ha[d] been written" on a glamorous theoretical problem that animated Beaufort and Lyell.
I V. S H A R E D Q U E S T I O N S : S O U T H K E E L I N G
Four years into his sojourn with the maritime surveyors, Darwin had developed a theory whose key predictions could only be tested by hydrography. In this section and the next, I examine the two opportunities Darwin received to make a close personal study of living coral reefs. These visits took place under very different circumstances and offer contrasting case studies in Darwin's fieldwork. On both occasions he was eager to understand the distribution of different kinds of corals on different parts of the reef and to determine whether the submarine structure of each reef had the characteristics predicted by his theory. The critical distinction between the two visits was that FitzRoy carried out a survey at one of these locations but not the other. South Keeling was a remote and little-examined outpost, so he and the officers conducted a full hydrographic survey of the reef. Mauritius, on the other hand, was a well-established depot, and there was no reason for FitzRoy to conduct a fresh survey. I argue that comparing Darwin's activities while studying these two reefs reveals the extent to which he had come to depend on his shipmates' work. During the course of the voyage, the hydrographic survey had become absolutely indispensable. So when it turned out that FitzRoy would not be surveying the Mauritius reefs, Darwin felt that he had no choice but to take to a boat and play the role of hydrographer himself.
Brimming with confidence after departing the site of his eureka moment, Darwin spent the December 1835 passage from Tahiti to New Zealand writing a detailed statement of the theory, a twenty-page essay entitled "1835 Coral Islands." The Beagle was crossing the very waters in which Beaufort had expected FitzRoy to carry out his coral island surveys. Exhausted by the survey of South America, however, FitzRoy chose to sail on without stopping. Thus when writing out his essay Darwin admitted that he had "scarcely seen anything of the Coral islands in the Pacifick Ocean." 41 Only in the last months of the voyage, once in the Indian Ocean after visiting New Zealand and both eastern and western Australia, did FitzRoy finally take the opportunity to survey a coral island as Beaufort had ordered. He elected to call at the Keeling Islands (which are now an Australian territory known as the Cocos [Keeling] Islands), a pair of ring-shaped reefs situated 700 miles southwest of Java and Sumatra. The Beagle sailed into the lagoon of South Keeling through a channel in the reef and remained for ten days. With his new theory of reef formation in mind, Darwin turned his attention toward the points of evidence that might determine whether this structure had taken its shape from an underlying submarine crater (as his contemporaries theorized) or from the subsidence of a reef-fringed island.
Darwin began with traditional, above-water natural history fieldwork while the hydrographers waited for high winds to die down. Proceeding over multiple paths from the breakers to the lagoon, Darwin collected twenty-four zoological and eighteen geological specimens. He desperately wanted to see the strong corals that formed the outermost bulwark of the reef, so he used a "leaping-pole" to vault onto coral heads among the foaming breakers of the Indian Ocean (see Figure 6 ). reefs whose various builders exhibited "more difference than between a lily of the valley and a gnarled oak." 42 Darwin's leaping-pole had propelled him to the very limit of the terrestrial world, allowing him to peer into the breakers at the seaward margin of the reef. However, the evidence that could reveal the island's deeper history lay beyond the reach of the leaping-pole and the geological hammer, beyond the terrestrial way of seeing. As Lyell had argued in the Principles of Geology, the ideal observer of a coral reef would be an amphibious being who could see beneath the waves. In the surveyors' hydrographic work, Darwin found just such an extension of his senses. Beaufort's instructions to FitzRoy had urged him to use "every means . . . that ingenuity can devise of discovering at what depth the coral formation begins, and of what materials the substratum on which it rests is composed." Further, "the slope of its sides" was to be "carefully measured . . . by a series of soundings, at very short distances from each other." 43 The effect of sounding in such a systematic manner in radial lines moving away from the reef would be to extend the traverses that Darwin had conducted above water.
Beaufort (and Lyell) had envisioned such coral reef soundings providing the crucial evidence needed in order to gauge the relative merits of the crater-rim theory and an earlier notion, J. F. Eschscholtz's claim that reefs grew up from deeper foundations. 44 But the approach would serve even better to evaluate Darwin's theory. If the foundation of the reef came close to the surface and had the outline of a volcano, or if subaqueous lavas were found at shallow depths, it would offer support for Lyell and for the French naturalists who had originally posited a depth limit for coral growth, J. R. C. Quoy and Joseph Paul Gaimard. Alternatively, because there appeared (according to Humboldt himself ) to be a limit on the inclination at which lava could harden into rock on the side of a volcano, a foundation that sloped more steeply than the sides of known volcanic cones would suggest that the reef had been built up by corals. Convinced that reef-building corals could not grow at any significant depth, Darwin seems never to have given serious consideration to Eschscholtz's older theory. Therefore, if the surveyors were to find a steep inclination of the reef's foundation, Darwin would consider it strong evidence that corals had grown straight upward from a subsiding foundation in the manner he envisioned. During the previous four years Darwin had found an ever-increasing number of ways to learn from the Beagle's hydrographic enterprise; finally, here at South Keeling, his objectives had become almost indistinguishable from those of the officers.
Darwin's Keeling field notes reveal a naturalist collaborating intimately with the hydrographers at work. Not only did Darwin record the detailed results of forty-six individual soundings and summarize the findings of several times that many; he quoted more than a dozen comments about the island directly from FitzRoy, who had by this time read and commented on a written draft of Darwin's coral theory, and Lieutenant B. J. Sulivan (whose name Darwin inevitably misspelled in his notes as the more conventional "Sullivan"). 45 The full scope of Sulivan's contributions to the ideas Darwin developed during the voyage is difficult to assess, but it was probably considerable. Still surviving among Darwin's manuscripts from the voyage are several had the lead jammed so as not to be without much difficulty to extricate it.--How then rough the bottom must be." FitzRoy himself declared, "I was anxious to ascertain if possible, to what depth the living coral extended, but my efforts were almost in vain, on account of a surf always violent, and because the outer wall is so solid that I could not detach pieces from it lower down than five fathoms." The captain spared no effort, however, as "small anchors, hooks, grappling irons, and chains were all tried-and one after another broken by the swell almost as soon as we 'hove a strain' upon them with a 'purchase' in our largest boats." It devolved upon Darwin to diagnose both the type and the present condition of the deeper corals by the impressions they left in the "tallow hardened with lime" that FitzRoy packed into the bottom of his broadest lead. In his notes Darwin gave a special mark of emphasis to one of FitzRoy's early soundings on the outer margin. From a depth of 8 fathoms (48 feet), the tallow came up "beautifully marked with Astrea," the bulwark coral genus that Quoy and Gaimard had claimed must live within 30 feet of the surface. Seeing that it was "probably alive" (because the tallow was "quite clean" and free of the sand that could accumulate freely on a surface of dead coral), this sounding alone demanded a small revision to current zoological knowledge. Gradually Darwin drew broader conclusions about the extent of the living reef: to a depth of 12 fathoms (72 feet) he found the "armings clean [showing] Millepore [and] Astrea." Beyond the zone of bulky corals he found "a fathom or two of fragments" that occasionally contained smaller bits of animated matter. Below 20 fathoms (120 feet) there was only sand, with "no sign of any thing hard.--in [the] soundings." These observations showed that the reef had a shallow "first inclination" from the breakwater to a depth of about 30 fathoms, with its breadth of 100-200 yards corresponding to a band of "discoloured water" that could be seen beyond the breakers. From the 30-fathom mark, Darwin could see that the bottom "suddenly incline[d]" into darker blue water. 46 Eager as Darwin was to learn the secrets of the blue deep, it came as a serious disappointment that strong winds "rendered the most important part [of the survey], the deep sea sounding, scarcely practicable." High winds and strong currents made very poor conditions for sounding because an accurate measurement required the lead to drop straight down so that the line remained vertical. To his note about one sounding of 770 fathoms, Darwin added an annotation: "depth doubtful (360 really)." 47 FitzRoy made the best of the conditions, "eagerly tak[ing] advantage" of "two moderate days . . . to go round the whole group in a boat." Sulivan managed to achieve a small number of measurements between 200 and 300 fathoms. More remarkably, at "only a mile from the southern extreme of the South Keeling" FitzRoy found no bottom at 1,200 fathoms. 48 With nearly one and a half miles of line played out, it was among the deep- Darwin sought something like a general theory of reef growth by comparing how the reef sloped on different sides of the island, eventually consulting with officers whose facility with trigonometry far exceeded his own. Considering the shallower slopes out to 30 fathoms, he found "no law about the extension of the discoloured water[, which was] at least not less on the leeward. than windward side." Regarding the deeper water, Darwin found it "clear from Mr. Sullivans sections" that there was also "no law with respect to [the] Windward & Leeward . . . shape of [the] lower Mountain." This ambition that the accumulation of geographical measurements would produce knowledge of underlying "laws" of distribution and physical geography was reminiscent of Humboldt's approach. 50 Furthermore, by incorporating measurements by Sulivan and others into what would become single-authored scientific publications, he was also, perhaps unconsciously, exemplifying Humboldt's authorial relationship to those who had helped the Prussian to gather his zoo-and phytogeographical facts.
The reef 's foundation was indeed exceptionally steep. Sulivan explained to him that on some attempts the sounding line had been severed between 500 and 600 fathoms, suggesting that it caught the edge of a cliff at that depth. Darwin considered it the "precipice of [an] unfathomable wall" that may have been cut by the "Action of [the] sea." If the cliff had indeed been created at sea level by the action of surface currents, its present situation implied a subsequent subsidence of 500 or 600 fathoms. Darwin noted that the "very great inclination between the 2 soundings on the SE side [is] so steep that it must be rock." He turned again to Humboldt, from whom he learned that "Cones of Volcano[es] have a medium slope from 33º to 40º Even the steepest parts but little exceeding these numbers." 51 FitzRoy's soundings showed the walls of the reef to be steeper than a volcano, and Darwin took confidence from this knowledge even though the survey left many of his original questions unanswered.
On departing Keeling, Darwin wrote his explanation of reef formation into his diary, where he had previously only hinted at the theory's existence. Given that the coral theory had as yet been recorded only in the "Coral Islands" essay, Darwin's decision to add it to his permanent record of the voyage was a sign of new confidence. This version emphasized the results of FitzRoy's recent deep sounding in arguing, "Hence we must consider this Is[land] as the summit of a lofty mountain." While Darwin acknowledged uncertainty as to "how great a depth or thickness the work of the Coral animal extends," he was more convinced than ever that "we must look at a Lagoon Is[land] as a monument raised by myriads of tiny architects, to mark the spot where a former land lies buried in the depths of the ocean." 
V. D A R W I N ' S H Y D R O G R A P H I C I N I T I AT I V E : M A U R I T I U S
At Mauritius, a volcanic island with a fringing reef, Darwin himself acted as a hydrographer. The occasion of his casting the sounding lead came three weeks after leaving the Keelings and is recorded in his little-noticed Mauritius field notes. Unlike South Keeling, Mauritius was a common way-station. Indeed, FitzRoy's published narrative of the voyage was to contain only a single sentence about the island, and he had stopped there only to comply with Beaufort's instructions to "determine the difference in longitude from [the southwest coast of Australia] to the Mauritius." Darwin still had some very specific questions, however, about the organisms that built the various parts of a coral reef. In order to answer them he would have to take to the water himself. Along with at least one unidentified accomplice, Darwin "pull[ed] out to seaward," where, as he recorded, "I sounded repeatedly with a lead, the face of which was formed like a saucer with a diameter of four inches." 53 This was a considerably broader lead than the one illustrated in Figure 2 , which has a well approximately one inch in diameter. Indeed, he was innovating: adopting a deep-sea lead for shallow-water work because it afforded a larger sampling area.
Darwin was by now intimately familiar with the reef-building corals of the Indian Ocean. With precision unmatched in his previous accounts, he identified four discrete zones as he moved from the beach out to deep water. From the mounds of coral that formed the breakwater out to 8 fathoms (48 feet), the "arming invariably came up deeply cut by the branching Madrepores & marked with the impressions of Astreas; its surface was also, without a single exception perfectly clean. not bringing up a particle of sand." The absence of sand was clear evidence that the corals were alive. "At each cast . . . we pounded the bottom with the lead, & as the sand, if present, would have adhered from any of the blows, I think it is pretty certain, that where coral is most abundant, the bottom is quite clean. . . . This fact would afford a useful aid in ascertaining the depth at which coral flourishes." From 8 to 15 fathoms (48-90 feet), the arming was almost entirely clean of sand and "beautifully marked with impressions of Astreas . . . some species of Madrepore, Seriatopora, & fragments of branching Millepora & I think Porites as figured by Lamouroux." 54 The next zone, to 20 fathoms, contained extensive beds of the Seriatopora and was free of the massive reef builder Astrea. Finally, from 20 to 33 fathoms (120-198 feet) most of the soundings showed a sandy bottom.
We can see that Darwin was by now confident in his ability to discriminate several genera of corals by the indentations they left in a clean gob of tallow four inches across. What is more, these notes illustrate vividly the way that a particular method of collecting predisposed Darwin to a particular way of thinking: the sounding lead sampled or recorded whatever was to be found on the bottom, across the spectrum from animal to vegetable to mineral. As a consequence, what might have been a narrow exercise in identifying coral genera became, in addition, something like a proto-ecological investigation of the relation between processes of sediment deposition and coral growth.
Armed with the knowledge from his private survey, Darwin gained confidence in his answers to questions on which he had previously been willing only to "conjecture": the depth limit of coral growth, the factors contributing to the existence of gaps between reefs and the shore of high land, the reason why a reef's highest point lay at its outer margin, and the factors that determined the distance of that margin from the shore. He wrote down a set of principles of reef growth, listed, tellingly, in a geographical sequence from shore to deep water. Sounding had become more than a source of specimens and data. The work at Keeling and Mauritius shows that by his fifth year on the Beagle the practice and logic of hydrographic surveying quite literally ordered Darwin's understanding of coral reefs. Hydrography had endowed him with an awareness of the undersea environment that primed him in many ways for his insight at Tahiti. It also provided him with a practical way of testing many of his predictions about coral growth and reef structure, to the point that he considered himself simply unable to study coral reefs without access to soundings.
It makes a telling coda to this episode to look at a set of instructions for examining coral reefs that Darwin wrote more than a decade later as part of his contribution to an 1849 book. The Admiralty's Manual of Scientific Enquiry: Prepared for the Use of Her Majesty's Navy: And Adapted for Travellers in General was edited by the astronomer John Herschel with encouragement from Beaufort. Darwin wrote the chapter on making geological observations. In it he offered instructions for studying coral reefs; they attest both to his familiarity with the tools and practices of hydrography and to the central role that hydrographic technique played in his view of reef studies.
The most important point with respect to coral reefs, which can be investigated, is, the depth at which the bottom of the sea, outside the reef, ceases to be covered with a continuous bed of living corals. This can be ascertained by repeated soundings with a heavy and very broad bell-shaped lead, armed with tallow, which will break off minute portions of the corals or take an exact impression of them. . . . There is reason to suspect that different species of corals grow in different zones of depth; so that in collecting specimens, the depth at which each kind is found, and at which it is most abundant, should be carefully noted. . . . Whenever it is practicable, soundings ought to be taken at short ascertained distances, from close to the breakers in a straight line out to sea, so that a sectional outline might be protracted on paper. 55 It would have been obvious to anyone who had read Darwin's 1842 book, The Structure and Distribution of Coral Reefs, that he was seeking information relevant to testing the predictions made by his theory of reef formation. But as the account of his exploits at Mauritius reveals, Darwin was also instructing future travelers to reenact precisely the hydrographic endeavors that had been the basis for his own knowledge of reefs.
C O N C L U S I O N : T E L E S C O P I N G A N D F U N N E L I N G
I have argued that Darwin's ability to relate the growth of organisms to geological and geographical conditions, present and past, was a product of his unprecedented experience with hydrography. This is how he actually realized Lyell's optimistic promise for an amphibious being: to "mark, on the one hand, the growth of the forest, and on the other that of the coral reef," and thereby to "arrive at sound theoretical opinions in geology." Why, then, has the considerable submarine component of Darwin's fieldwork been overlooked? Answering this question requires attention to the accounts that Darwin and Darwin scholars have offered for how he arrived at those sound theoretical opinions. In concluding, I will point to two processes that played a role in shaping how Darwin's theories have been remembered. For the sake of distinguishing them I borrow the metaphors of telescoping and funneling. 
Telescoping
Let's begin with the way Darwin himself remembered the process of theorizing. Of the coral reef theory he wrote, in his autobiographical "Recollections" of 1876, "No other work of mine was begun in so deductive a spirit as this; for the whole theory was thought out on the west coast of S[outh] America before I had seen a true coral reef." Thus he claimed that when he had first encountered "living reefs" (i.e., at the locations discussed in Sects. III-V of this essay) he "had therefore only to verify and extend my views." According to these reflections, Darwin had "been incessantly attending to the effects on the shores of S. America of the intermittent elevation of the land, together with the denudation and the deposition of sediment. This necessarily led me to reflect much," he continued, "on the effects of subsidence, and it was easy to replace in imagination the continued deposition of sediment by the upward growth of coral. To do this was to form my theory of the formation of barrier-reefs and coral atolls." 56 The account I have presented contradicts this statement by arguing that only later, at Tahiti (Sect. III), did he first perceive that geological subsidence could explain the origin and shape of coral reefs. 57 Far from having "thought out" the theory before seeing a living reef, he initially conceived himself as having a new explanation for "the formation of barrier-reefs and coral atolls" only at the very moment when he first got a good view of a living reef. So how did Darwin come to feel that his experiences in South America (discussed here in Sect. II) constituted the "whole" of a theory that he was not even conscious of having until several months after leaving that continent?
The answer is that new theories can change the narratives by which individuals make sense of their scientific careers. I have already shown how Darwin's idea at Tahiti defined a plan of writing and fieldwork through the rest of the voyage, and it is hardly surprising that a new theory would alter the course of his work from that point forward. But the eureka moment in Tahiti imposed retrospective coherence on his activities as well. He had discovered unexpectedly that certain ideas dating to his time in South America were relevant to solving the well-known question of the formation of coral reefs. 58 Once Darwin "had" the theory, he forevermore remembered his investigations into South American elevation and subsidence as inherently relevant to the theory (indeed, as constituting the theory), and it became all but impossible to remember that he had ever pursued this line of study for other reasons, independent of the theory he would eventually produce.
This argument applies not only to Darwin's coral reef theory but to his evolutionary theorizing as well. Frank Sulloway, the historian who debunked the myth that Darwin became an evolutionist at the Galapagos Islands, wrote, "Contrary to the legend, Darwin's finches do not appear to have inspired his earliest theoretical views on evolution, even after he finally became an evolutionist in 1837; rather it was his evolutionary views that allowed him, retrospectively, to understand the complex case of the finches." Sulloway went on to rebuke the authors of bad "textbook" histories who had oversimplified Darwin's biography to the point of distortion by "telescoping history around one dramatic moment of insight in the Galapagos Archipelago." 59 But Sulloway failed to chastise Darwin for being a bad historian of his own work, in the sense 56 Nora Barlow, ed., The Autobiography of Charles Darwin, 1809 -1882 (London: Collins, 1958 ), p. 98. 57 The existence of two independent stories about when and where Darwin developed the theory has led to some ambiguity.
Herbert, for example, draws from both stories but does not seek to resolve their apparent inconsistency. Compare pages 169 and 171 of Charles Darwin, Geologist (cit. n. 1). 58 For an extended defense of this claim see Sponsel, "Coral Reef Formation" (cit. n. 10), Ch. 2. that Darwin, too, "telescoped" history around certain dramatic moments of insight. It was only his later evolutionary theorizing that made it seem to him as though the distribution of certain animals he encountered during the voyage had always determined the theory he would eventually develop. And likewise, to paraphrase Sulloway, geologizing in South America appears not to have sparked Darwin's thinking about the shape of coral reefs; rather, it was his eventual explanation for reef formation that allowed Darwin, retrospectively, to believe that the key to understanding coral reefs had always lain in studying the geology of South America.
Funneling
Sudden moments of insight may seem to have been divinely inspired, but eureka moments can be explained. I have argued for the special significance of hydrographic surveying as a hithertounderappreciated source of specimens, observations, and even a theoretical perspective during Darwin's travels. Although Darwin departed Britain with sufficient training in marine zoology and geology to be able to make original observations in both departments of study, the insights gained from hydrography allowed him to develop theories that fused the two pursuits. Through his careful attention to the officers' hydrographic surveying, any given cast of the sounding lead could provide both zoological and geological specimens, interrelated elements characteristic of a particular combination of depth and geographical location. He saw these specimens as the present-day organic and inorganic constituents of future sedimentary rocks, and in turn he was able to interpret the upraised sedimentary beds of South America as former iterations of the seafloor with which he was now so familiar. Using hydrography in this way encouraged and enabled him to draw the analogies between geographical space and geological time that underpinned his coral reef theory and eventually his evolutionary theories as well.
What is significant is not just that Darwin was interested in hydrography, but that it was virtually unprecedented for a naturalist with decent training in geology and zoology to be so intimately involved in hydrographers' labor. Helen Rozwadowski has argued that the rise of an "oceanographic" perspective occurred, later in the nineteenth century, precisely through the introduction of hydrographic techniques into natural history. 60 This essay has shown that Darwin wedded these pursuits in the decade before this synthesis was initiated afresh by such pioneers of British marine science as Edward Forbes in the 1840s and William Carpenter in the 1850s. That this marriage of hydrography and natural history was achieved by Forbes in particular lends considerable support to my argument, for he was-after Darwin-the next naturalist to receive the distinctive Edinburgh training in marine zoology before studying aboard a hydrographic surveying vessel. As with Darwin, this led him not only to do zoology with a geographical perspective but also (to borrow the subtitle of his 1843 report to the British Association for the Advancement of Science) to pursue the study of marine invertebrates' distribution for its "bearing on geology."
Darwin never emphasized his debt to hydrographic technique in his scientific writings, and he did not go on to publish in the genres associated with the production of hydrographic knowledge-namely, nautical charts and sailing directions. On the contrary, his publications in geology and zoology generally obscured the surveyors' contributions. These men, along with the crewmen who executed their orders and Darwin's servant Syms Covington, were the invisible technicians who allowed him, for example, to imply in print that he had made a sounding of 86 fathoms (516 feet) all by himself. FitzRoy became outraged after the voyage when he saw how scantily Darwin had acknowledged the ship's company in his volume treating the Beagle voyage. 61 But in following such a path Darwin was only following a model that had helped to establish Humboldt, for example, as the author of ideas and natural laws stemming from laborintensive survey-style investigations of the Americas.
Much has been made by historians of "Humboldtian science" and of Darwin's status as a practitioner thereof. 62 While I would argue that the amphibious Darwin was even more concerned with distribution and with quantitative measures of elevation (below and above sea level, as provided by the hydrographers) than Susan Faye Cannon herself noticed, we should be wary of the name Cannon affixed to these pursuits. Rather than seeing Darwin as "Humboldtian," we should view both Darwin and Humboldt (the former mining engineer) as surveyor-naturalists who managed to assume an autocratic position with respect to data created and collected by a variety of people. 63 It may be difficult to imagine the intrepid Darwin of the Beagle as a consumer rather than a producer of data, but this he was, at least with respect to the voyage's original conception as a knowledge-producing venture-namely, as a geographical survey. And he went on to become an even more prolific consumer of others' findings. As Janet Browne's work reveals so well, Darwin's stature later in his life enabled him to acquire far more information from his correspondents than he sent out in return. 64 The gradients in authorial status, from seamen to surveyors to Darwin himself, turn out to be virtually identical to those that characterized Darwin's later relationships to other practical men and indeed to a number of female naturalists as well. From natural history fieldwork to theories and authorship, interaction with hydrographic surveyors shaped the approaches to science that defined Charles Darwin's career.
